Implementation of lead niobate zirconate titanate (PNZT) thin films as passive monolithic microwave integrated circuit elements / Suhana Sulaiman by Sulaiman, Suhana
INSTITUTE of GRADUATE STUDIES
L e a d i n g  Y o u  To  G r e a t e r  H e i g h t s ,  D e g r e e  b y  D e g r e e
THE
RESEARCH ABSTRACTS
Volume: 4, Issue 4 Nov 2013
FO
UR
TH
 IS
SU
E
DOCTORAL
I PS i s  B iannua l  Pub l i ca t ion
L e a d i n g  Y o u  T o  G r e a t e r  H e i g h t s ,  D e g r e e  b y  D e g r e e
* (MS) = Main Supervisor
   (CS) = Co Supervisor
5
Name :
Erma Rahayu Binti Mohd Faizal Abdullah
Title
The Development Of A Driver Assist System With 
Distance Estimation Using A Single Camera
Faculty : 
Electrical Engineering
Supervisor : 
Associate Prof. Dr. Hj Mohd Asri Bin Hj Mansor (MS)
Prof. Dr. Mohd Dani Bin Muhamad (CS)
Name :
Suhana Binti Sulaiman
Title
Implementation Of Lead Niobate Zirconate Titanate (Pnzt) Thin Films As Passive Monolithic Microwave 
Integrated Circuit Elements
Faculty : 
Electrical Engineering
Supervisor : 
Associate Prof. Dr. Zaiki Bin Awang (MS)
Dr. Mohd Khairul Mohd Salleh (CS)
1
2
In this thesis, an investigation on lane and vehicle 
tracking on a highway is carried out. The highway is 
chosen as the test ground due to the one-way flow of 
traffic, relative straightness of the road and consists 
of mostly automobiles. This study describes the 
development of a mid-line generation technique on 
the road as guidance for drivers to stay in the centre 
Lead zirconate titanate (PZT) and lead niobate zirconate 
titanate (PNZT) belong to the ferroelectric family. They 
have high dielectric constants whereby the use of these 
materials allows reduction of circuit size. This research 
is focused on microwave characterization of films made 
of these materials for monolithic microwave integrated 
circuit (MMIC) applications. Both films are deposited on 
silicon substrates using different deposition techniques. 
PZT films are deposited with sputtering to give thickness 
of 0.5 mm. The films have morphotrobic boundary 
phase since their Zr/Ti ratio is 50/50. In contrast, PNZT 
films are grown using metal organic deposition to give 
thickness of 1 mm. PNZT films are doped with 4 % of 
niobium (Nb) with a Zr/Ti ratio of 20/80. Capacitors 
and transmission lines made of PZT and PNZT were 
fabricated using standard semiconductor processing. 
High frequency wafer probes were used to carry out 
microwave measurement from 5 to 20 GHz, and from 
this the results were used to correlate microstructure 
properties to high frequency behavior. X-ray diffraction 
and scanning electron microscopy were employed to 
of the road lane they are currently driving on. The 
technique detects and tracks road lane in a video 
sequence and draws a virtual mid-line on the screen 
to guide the driver to stay centred within the lane. As 
a safety measure, the system will notify the driver with 
a warning signal if the vehicle zigzags across the lane. 
If the driver crosses onto another lane, the system will 
automatically update the new detection on left and right 
boundaries of the new lane and calculate the mid-line. 
Furthermore, the system will classify the vehicle into 
their proper group in order to estimate the distance 
between the target vehicle and the preceding vehicle. 
The system works thoroughly when the edges of the 
preceding vehicle are detected. The detected edges will 
create a bounding box. The box will be recognised by 
the back-propagation artificial neural network to classify 
it into heavy or light vehicle group. Based on the size 
of the bounding box, the system will then estimate the 
distance within the target vehicle and the preceding 
vehicle. To that effect, the objective of this study is to 
develop a low cost competitive safety system on the 
road. In order to achieve this, a basic video camera 
without thermal or infrared function is used to complete 
the task in this system.
investigate grain texture and crystalline properties. The 
X-ray diffraction results show that PNZT has higher peak 
of intensity as compared to PZT. This indicates that 
PNZT is more crystalline than PZT. Scanning electron 
microscope image also shows both samples have 
smooth surfaces. Estimations of the grain size of both 
samples were made using Scherrer’s formula to yield 
values of the order of 20 nm. Capacitor test structures 
of area 50’ 50 mm2 are used to analyze capacitance, 
permittivity and loss tangent of the films. The wafer 
probes were calibrated using short-open-load calibration 
technique prior to microwave measurement. Capacitance 
values were then extracted from S-parameter data; the 
findings indicate that the permittivity of PNZT is higher 
than PZT. For PNZT the permittivities range from 800 at 
40 MHz and decreased to 20 at 20 GHz. On the other 
hand, for PZT the values decreased less drastically 
from 350 at 40 MHz to 110 at 20 GHz. However, the 
PZT samples were less lossy, with loss tangents of the 
order of 0.18 at 40 MHz to 0.07 at 20 GHz. The fact 
that PNZT samples showed higher permittivity is due to 
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the effect of doping which conform to theory. Thus, for 
circuit miniaturization purposes, PNZT is preferred due 
to the higher permittivity. Transmission lines of length 
of 100 mm and width 5 mm were constructed on these 
films in microstrip and co-planar waveguide forms. For 
this purpose, short-open-load-thru (SOLT) calibration 
technique was implemented prior to insertion loss 
measurement. The results indicate that the performance 
of microstrip and co-planar waveguide were dependent 
on both the structure and the films used. Specifically, 
PZT-based coplanar waveguide showed slightly higher 
insertion loss than microstrip. On the contrary, PNZT-
based co-planar waveguide and microstrip show 
comparable performances. This was probably due to the 
higher crystallinity showed by PNZT. Detailed analysis 
of the test structures using electromagnetic simulations 
reveal the loss was mostly caused by the impedance 
mismatch between the transmission line and the wafer 
probes. Extensive characterization at microwave 
frequencies carried on these films show that they are 
good candidates for use in MMIC. These appeared to 
be direct correlation between film property and high 
frequency behavior. The films exhibited considerable 
loss at high frequencies as expected of ceramic films.
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Wireless Sensor Networks (WSNs) have shown 
great promise as the emerging technology for data 
gathering from unattended or hostile environment. 
The advancement in micro-electro-mechanical sensor 
technology, wireless communication technology and the 
recent scavenging energy have gradually expanding the 
acceptance of WSN related applications. The design of 
sensors that are small, low cost, low power and combined 
with its unattended nature has made it more viable and 
indirectly promotes its popularity for future solutions in 
various real-life challenges. One of the most challenging 
yet important security issues in Wireless Sensor Network 
is in establishing trusted and secured communication 
between sensor node and base station. While the term 
trusted has been widely used referring to valid nodes 
in the group, this thesis refer the term trusted based on 
Trusted Computing Group (TCG) specifications. With 
limitations in the present solutions such as late discovery 
of invalid nodes such in Trust Management System 
and high energy consumption with external security 
chip due to the used of Trusted Platform Module chip; 
a Framework of a Trusted Wireless Sensor Node is 
presented. The framework incorporates ideas from TCG 
and Identity-based cryptosystem by Boneh Franklin to 
ensure trusted and secured communications between 
sender and receiver which might be between sensor 
node and base station or between sensor nodes in the 
network. The research aim to come out with a credential 
based trusted sensor network to verify the authenticity of 
sensor nodes in the network. Finally the proposed trusted 
framework is evaluated for the potential application in 
resource constraint devices by quantifying their power 
consumption on selected major processes. The result 
proved the proposed scheme can establish trust in 
WSN with less computation and communication and 
most importantly eliminating the need for neighbouring 
evaluation such in Trust Management System or relying 
on external security chip. Finally, proposed works benefit 
in eliminating clone or duplicated nodes in the WSN thus 
reduced the number of false and unwanted messages in 
the Wireless Sensor Network.
This thesis proposes a new power tracing technique 
using computational intelligence approach for non 
discriminatory losses charge allocation and voltage 
stability improvement. Contrary to conventional 
techniques which mainly rely on matrix operation, the 
proposed algorithm implements optimization technique 
as an alternative for performing the tracing process. 
At first, in producing a good optimization algorithm, a 
hybridization technique was proposed for adopting the 
finest features of two different algorithms; namely the 
Genetic Algorithm (GA) and continuous domain Ant 
Colony Optimization (ACOR). The hybrid algorithm 
is termed as the Blended Crossover Continuous Ant 
Colony Optimization (BX-CACO). It was found that 
performing power tracing via BX-CACO produced 
